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Rough surfaced implants have been reported to favor early bone healing than smooth surfaced implants. Among
various methods introduced to roughen the implant surface, coating with calcium phosphate(CaP) is one of them.
The purpose of this study was to evaluate the bone healing response of anodized implants with two different coat-
ing thickness of CaP(200 nm and 500 nm) deposited by ion beam assisted method. CaP coated implants were
placed on circumferencial coronal defects of four mongrel dogs and the amount of defect fill was evaluated histo-
logically after 8 weeks. The amount of coronal defect filling varied among the implants according to its surface char-
acteristics. The CaP coating thickness of 500 nm showed the greatest amount of defect fill than implants with
200 nm of CaP coating thickness and non coated implants. Within the limits of this study, when coating implants
with CaP by ion-beam assisted deposition method, coating thickness of 500 nm seemed to be effective. 
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Introduction
estoring missing teeth with dental implants has become a
widely accepted and predictable modality.1) The success
of implant treatment, especially during bone healing process,
is highly related to bone quality and implant surface topogra-
phy. Several studies have shown variability in success rate with
implants placed in different bone quality, presenting that
implant sites with higher bone quality have higher success rate
than sites with poorer bone quality.2-6) Several attempts such
as using longer or wider implant, placing additional implants
and using surface modified implants have been made to
increase the success rate of implants placed in poor quality
bone.4)
Surface modification of dental implants has presented to
increase osseointegration to bone.7-9) Rough surfaced implants
increase bone to implant contact and speed up bone apposi-
tion than smooth surfaced implants.4) Among several methods
being introduced to produce a rough surfaced implant, coat-
ing with calcium phosphate is one of them. 
Calcium phosphates(CaP) or hydroxyapatite(HA) is a bio-
compatible and an osteoconductive material which has been
commonly used as a coating material to dental implants. It has
a similar chemical property to inorganic component of bone
tissues and improves cellular response thereby increasing bio-
activity.10-13) Among various coating techniques, plasma spray-
ing is the primary method in coating CaP to dental implants.
However, this method has shown problems such as low bond-
ing strength and nonuniformity of the coating layer presenting
controversy outcomes.14-16)
The dissolution rate of the coating layer is related to bone
cell activity, and is affected by Ca/P ratio and cyrstallinity of
the CaP particles. The more the crystalline phase formation,
there is more reduction in dissolution rate, which increases
the stability of the coating surface. 
Ion-beam-assisted deposition(IBAD) method is a recently
introduced CaP coating technique and research has shown
that CaP coating by IBAD method produces a coating layer
with low dissolution rate by increasing Ca/P ratio.17,18)
The objective of the present study was to evaluate the bone
healing response of CaP coated implants by IBAD method
with two different coating thicknesses in surgically created
defects of dogs. 
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Materials and Methods
Implant sample preparation
Anodized implants were coated with CaP by IBAD method.
The CaP coating layer was coated to a thickness of either
200 nm or 500 nm. The detailed procedure for CaP coating
followed the method of our previously published papers.17,19)
Briefly, pure titanium implants were anodized at 270 V for 3
minutes. CaO(Cerac, USA) and HA(Alfa, USA) were sintered
at 1200 oC for 2 hours in air to prepare calcium phosphate
evaporates. An electron beam evaporator (8.5 Kv rated power
supply, Telemark, USA) and an end-hall type ion gun(Com-
monwealth Scientific, USA) were employed for ion deposition.
Animals
Four male mongrel dogs were used and all had intact den-
tition with healthy periodontium. Animal selection, manage-
ment, and surgical procedures followed a protocol approved
by the Animal Care and Use Committee, Yonsei Medical Cen-
ter, Seoul, Korea.
Surgical procedure
All mandibular premolars and the first molar were extracted
and were healed for 8 weeks. A crestal incision was made fol-
lowed by a mucoperiosteal flap refection, and implant ostec-
tomy was prepared with additional circumferencial coronal
defect creation (2 mm gaps) by use of a customized paralleled
step drill. Three implants (Implantium®, Dentium, Korea) with
a diameter of 3.4 mm and 10 mm of length were placed on
each mandible. The implant were divided into three groups
according to their surface treatment. The control group
received anodized implants, experimental group 1 received
anodized implants with CaP coating of 200 nm thickness and
experimental group 2 received anodized implants with CaP
coating of 500 nm thickness. The flaps were sutured with a
resorbable suture material and were removed after 10 days.
After 8 weeks of healing, the animals were sacrificed and
block sections were obtained for histological analysis. 
Histological analysis 
The block sections were fixed in 10% buffered formalin.
The specimens were dehydrated in ethanol, embedded in
methacrylate, and sectioned in the mesio-distal plane. From
each implant site, the central section was reduced to a final
thickness of about 20 µm. The sections were stained in hema-
toxylin and eosin and histological analysis was performed
using a stereoscope and microscope.
Results
Clinical findings
General healing was uneventful and implants were all well
maintained throughout the healing period with no implant loss. 
Histological findings
Three implants presented mild inflammation in the soft tis-
sue adjacent to the implant surface, but did not affect the
bone below the connective tissue area. 
All the implants showed bone to implant contact at the api-
cal area irrespective of the experimental groups. However, the
amount of coronal gap filling varied among the groups. The
experimental group 2 (500 nm thickness) presented the great-
est amount of coronal defect filling than the two other groups
(Figure 3). The newly formed bone lined the implant surface
and was well integrated to the implant surface. Many osteo-
blasts surrounded the newly formed bone representing bone
formation activity. Reversal lines were also observed at the
bone distant to the implant surface and the density of the
bone was comparable to the existing bone.
The experimental group 1 (200 nm thickness) and the con-
trol group presented limited coronal defect filling with no
bone to implant contact even at the threads below the micro-
thread area (Figure 1,2). Loose connective tissue was domi-
nant with epithelial migration, which revealed failure in
achieving osseointegration at the coronal defect area.
Discussion
In order to provide a favorable bone healing environment
for early osseointegration of dental implants, surface properties
of dental implants are important. Implant surface topography
and chemical composition influence osteoblastic proliferation
thereby encouraging bone ingrowth and apposition.20,21) Early
bone healing of dental implants is not only beneficial to the
clinicians, but is also beneficial to the patients receiving dental
implants which provides a shorter treatment time and less dis-
comfort. Approaches in achieving surface modification
includes, acid etching, blasting, oxidizing, plasma spraying,
and coating the surface with osteoconductive materials. 
Calcium phosphates(CaPs) are widely used osteoconductive
material in coating implant surface. When CaP is coated on
titanium implants, favorable mechanical and biological proper-
ties are combined.22) Coating with CaP increases the surface
area23) and its biocompatibility and osteoconductive effect
favor cellular activity, enhancing osseointegration.10-13)
CaP coating on implant surface could be applied by various
methods, including electrophoretic deposition, dip coating,
hot isostatic pressing, flame spraying, plasma spraying, and
pulsed laser deposition. The most commonly used method is
plasma spraying, however, this method has presented nonuni-
formity and low adhesion of the coating layer to the implant
surface.14-16)
Ion beam assisted deposition(IBAD) is a recently developed
method in coating CaP on titanium implant surface. CaP coat-
ings by IBAD method allow formation of nano crystalline CaP
coating layer which enhances cellular activity.24) The nano
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crystalline layer has low dissolution rate in physiological fluids
and produces a stable coating layer compared to that of
plasma spray method. In the experiment by Choi et al. HA
was coated on titanium based metal substrate by IBAD
method, and the results presented a remarkable increase in
Ca/P ratio with greater crystalline HA phase formation.17)
In the present study, anodized implants coated with two dif-
ferent coating thickness of CaP, by using IBAD method were
Figure 3. Histological view of experimental group 2 (CaP coating thickness 500 nm). (a) overall view, bone filling observed on
micro-thread area (magnification × 10). (b) higher magnification, bone to implant contact observed on implant thread area
(magnification × 100). 
Figure 1. Histological view of the control group. Minimal
amount of defect fill observed at the coronal defects with no
bone to implant contact at the coronal micro-thread area
(magnification × 10).
Figure 2. Histological view of experimental group 1 (CaP coat-
ing thickness 200 nm). Limited amount of bone formation
observed at the coronal defect area (magnification × 10).
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evaluated for its bone healing around circumferential coronal
defects.
The thickness of the coating layer to implant surface varies
from micro to nano size depending on selected coating tech-
nique. Hot isostatic pressing produces a coating thickness of
more than 200 µm and plasma spray procedure produces sur-
face coating thickness from 20 µm to 200 µm. Wet techniques
such as sol-gel, and high temperature techniques such as radio
frequency(RF) sputtering or ion beam method produce much
thinner coating layer.24) Therefore, the optimal thickness varies
among the coating technique applied. However, whatever the
coating method being used, the final CaP coating layer
formed should have a thickness sufficient to compensate its
dissolution process. If the coating layer is too thick, the outer
layer may detach, and if the coating layer is too thin, the sta-
bility of the coating layer may decrease due to poor cyrstallin-
ity. The optimum thickness of the commercially available
plasma spray HA coated implants is approximately 50 µm25,26)
However, by IBAD method, this coating thickness could be
reduced to nano size. And since cells interact only with the
top coating layer, such nano size thickness is sufficient for cel-
lular activity to take place.24)
In the present study, CaP was coated on anodized implants
with a thickness of 200 nm and 500 nm. The results of the
histological studies revealed better coronal defect fill with
500 nm of CaP coating thickness than 200 nm of thickness
(Figure 2,3). However, comparable defect filling was observed
with 200 nm CaP coated anodized implants and non coated
implants (Figure 1,2). The reason for observing such results is
assumed to be due to low crystallinity of CaP particle. Several
researches presented that post heat treatment to CaP coated
implants by IBAD method increases crystallinity of the CaP
particles.27,28) In the study by Li et al.18) post heat
treatment(350 oC) to CaP coated anodized implants showed a
grow in particle size and a change in crystalline phase to HA
phase, and concluded that a coating layer stable in physiolog-
ical fluid could be achieved after post heat treatment. Kim et
al. also presented improved characteristics of bone healing
with CaP coated implants when post heat treatment was per-
formed, with observation of no separation of the coating layer
from the implant surface.29) Moreover, post heat treatment
also showed beneficial bone healing response.30) When anod-
ized implants coated with CaP by IBAD method were heat
treated at 430 oC and implanted on circumferential coronal
defects of beagle dogs, higher bone to implant contact was
observed after 12 weeks. 
Although the number of animals used in the present study
was limited and only histological evaluation was performed,
the results of the present experiment suggest that CaP coating
thickness of 500 nm to be effective for its stability in physio-
logical fluids, and post heat treatment is recommended for
better stability when using IBAD method. However, further
experiments are needed with a larger sample size and with
post heat treated implants in order to confirm such findings.
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